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POLYVALENT IMMUNOGEN 

This application claims priority from Provisional Application No. 
60/331,036, filed November 7/200I f the contest of which is hxc&tp&Med 
herein bvreference. 



The pmsent ifiYentioB relates, generally, to a polyvalent ipimimogen 
mxd f mora gartragaxiy, to a method of isduciTig neutraliMng antibodies against 
Hff and to a poly valent Mmmipgm suitable for lise m sucl a method 

Immiinogeulc peptides have been de veloped that elicit B and T ceil 
responses to various strains of bnman inrn^unodefjeiency virus (HIV) (Pafer 
et al, J. Immunol. 142:3612-3619 (1989),. Haynes et a!. Trans, Am. Assoc. 
Physician 10&3T4I Cl993) v Bayne 8 et ah I. Immunol. 151 ,:I646- 1653 (09% 
Haynes et ai, AID Ttoa. Human Retroviruses 11:211-221 £199$)) (see also 
WO 97/14436). These- peptides consist of two components, each derived from 
noncomigaous regions of the HIV gpI20 envelope protein. One enveJope 
component consists of 16 amino ac-d re^dusa from the fourth constant (C4) 
domain of HtV gpI20 s and deludes a T-helper epitope (Cease et al. Pres. Natl. 
Acad, Sei. USA 84:4249-4253 (1987)). Linked to the earhoxyi terminus of 
this gpi20 €14 region peptide is a 23 amino acid segment from the third 
variable (V3) domain of gpl20, that includes a B ceil neutralising antibody 
epitope for cell line-adapted Hi¥ strains (Palter et al, X Immunol. 142:3612- 
3619 (1989), (Palker et al, Prbc. Natl Acad, Sei. US A 85:1932-1936 (19S8), 
BuaeneetaLProc. Nat. Acad. Sci. USA 8S-3I984S202)), a T-helpsr epitope 
CPalter et al, J, Immunol. 142:3612-3619 (1989)), and two cytotoxic T 
iyniphopoiedc (Cn.d epitopes (Clerieiet a| s J. Immunol. 146:2214-221.9 
(1991), Safritet al, 6* NCVIXi Meeting, Oct. 30 to .Nov, 4, 1993)). In mice 
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and rhesus monkeys, tee C4-V3 hybrid peptides have induced antibodies 
that bind to fcaiive gpl20 and neutralize the: particular cell. line-adapted ®mn 
of fW from. which the V3 segment was derived, as well as induce T helper 
ceil proliferative responses and MHC Class ^restricted CTL responses that 
m HrV ar lirv PM&te. expressing target cells (Palker et at, J. tauracfc 
142:3ol2~3619 (19891 Haynes et a!, AID Res. Human Retroviruses 11:211- 
221 (1995)}. Recently, it was shown that this gpl2Q peptide design can induce 
antibodies that, neutralize pnmm HIV isolates and shrian-hnman 
immxmc^m&ncf viruses (SBJV) expressing primary HIV isolate envelopes 
{Um etak J, Virol. 74:254-263 (2000)). Moreover, in a challenge trial of this 
mlmnnogen in rhesus monkeys, it was shown that C4-V3 pepudes from the 
gn!20 of die pathogenic SHXV 89.6P, indnecd neahalizing antibodies that 
prevented the fail in. CD4 counts after challenge with SHXY 8&6P QMvw et 
at J. Ymh 75:4165-4175 (2001)). Theoeibre, ami-V3 antibodies can protect 
primates •a§^^•|d3^yj8^^^SH^^-sadpce^ disease. 

A prototype poly valent HIV expermieiital imiBunogen comprised of 
the conserved C4 region of gpI20 and die V3 regions of HiV isolates MK, 
GAMO(A), EV9X and RF has been constructed and has been found to be 
highly irninunogsnic in bmmn clinical trials (Bartiett et ah AIDS 12:1291- 
1300 (I99S} S Graham et ah Abstract, AIDS Vaccine (2001)}; Thns, 
understanding secondary and higher order structures of the components of this 
polyvalent irnmonogem as well as defining strategies to optimise gpd20 
immm&g&s antigenicity, is important to HIV vaccine design efforts, hi 
addition, recent data suggest mat the HTV Y3 -region may be in voived in 
regulating gpI20 interactions with HV co-ieceptora, CKC ehemokme receptor 
4 COCCR4) and 1.3 ehemokine receptor type 5 (CCS S) (Bexger, AIDS Suppl. 
A;53~56' (1997)). 

In previous stadies, nuclear magnetic resonancs (H) bas been used 
to characterise conformations of the multivalent imrnrmogen C4-V3 ncotldes 
in solution (do Lorimier ei ai. Biochemistry 33:2055-2062 (1994), Vu et si. 



Biochemistry 35:SlSS~$l63 (1996), Vtreta!,X VjroJL 73:746^750 (1999)), It 
as been found that the Y3 segments of each of the fear C4-V3 peptides 
#epiayea evideiice of prefixed solution confemanens, with some featorea 
shared, and other foatutBS differing among the four peptides. The C4 segment, 
which is of ideritloaJ sa^nenee in all the peptides, showed in eacM ease a 
tendency to adopt nascent helical confonilatior^ (de Lanmie^r et aL 
Biochemistry 33:2055-2062 (1994), Vu et*& Biochemistry 35:5158-5165 
(1996), eta!, X WraL 73:746-750 (1999)), 

The C4 domain of gpI2G is part of the CD4 landing site, and antibodies 
Ecopimg ie G4 sequence, block the bindmg of CD4 of gp!20. However the 
£4 sequence m a peptide does not elicit antibodies that bind native gpl20 
(Patker ef ai,X Mrniunoh 142:3612^619 (1989), Baynes etal. X MmoBoL 
151:164^1653 (1993% Ho ei ah J. Virol 61:2624-2028 (1987), Robey et al J. 
BiaL Chew- 270:23918-23921 (1995)). This led to the, speculation that the 
nascent helical coBformaxlons-.e^ibited- by the C4 segment miglit reflect a 
conformation not native to HIV gpX2CL Anino-aeid sequence .hoitadiog^ 
between the gp!20 C4 region and a homan IgA CHI domain has bmn noted 
(M&ddon &t ah Cell 47:333-348 (1986)). By oompani§on to the structure of 
mouse IgA (Segal et aLProc, Nath Acad. SoL USA 7 1:4298-4302 (1974)), the 
C4^oxBologoos region of IgA has a § sixmo secondary structure (de Lotimier 
et ah Bio^h^stry 33:2&5S«2I)62 Therefore, while the C4 gp!2S 

pq^tide m soloq on adopts nascent helical coiifoniiatl.ons ? the native struotiire. 
of this gpl.20 C4 region may be quite different (le t in the context of gp 120 
have a p strand mzm.d&ry smiptuxeX 

The present In vetUion remits, at least in part from the results of a 
study with a three~Md pmpose. First, C4- VSHIV:RP peptides with amino acid 
substitutions designcdio xninimize C4 a -helical peptide conformation and 
promo te p strand C4 secondary structures were constructed in order id induce 
anti-native gpI20 milibodies with too modified €4 peptide. Second, tests were 
made to determioe if any of these mutated G4-V3MF peptides weold enhance 
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gp!20 V3 region peptide mnrsenogerdcity, and drerefore augment anb-BI YEP 
gp!20 V3 loop antibody xmpomss. Finally, the scMion coM&mms erf each 
peptide studied immisiplogicaily were also solved u&mg NMR to correlate 
peptide cordBrixisrs with peptide iBmsimogenicity, 

IUMMARY QF THE INVENTION 

The present invendou rel ates to a method of inducing aeatraimag 
anybodies against HIV asd to peptides, as&DNA sequences encoding same, 
thet are suitable for use m such a method, 

Objects and advantages of the present invention will be clear from the 
description that 'follows. 

BR IEF DESCRIPTION OF THE. DRAWING 

Fignm 1: Summary of antibody hiding titers to mmmmzirsg 
peptide after 2 or 3 boosts of 3 mice in each group with innnuoizmg peptide. 
There was a slight enhancement of levels of antibody induced by the E9Q 
variant after 2 but not 3 boosts, while theE9V variant significantly boosted 
antibody levels couponed to the C4-V3RT'(A) peptide after 2 and 3 boosts. 
Antibody to the K12E variant induced by the K12B peptide was significaxidy 
lower than CW3RF(A) induced andhody levels after both 2 and 3 boosts. 

Figure 2: HMR spectra of the four C4-V3RF variant peptides. 

Figure 3: C%9V-¥389.6 pepddes bonnd heitsr to daman FB 
lyrnphocytes and monocytes than di d the C4- V 3 89.6 peptides* Similar data 
were obtained with the €4~¥3 S9.6P and C4-B9V~S9.SF peptides. Sequence 
of the C4-Y389.6 peptide fomHTvSS. 6 isolate was: 
KQIB^M"WQB¥QI£AM the 
secpenee of the C4fi9V'-V389.6 peptide was: KQllMWQVV'CIKAMYA - 
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T^MmmmmmnPGRAFYAm^ the sequenced the G4A?3S9.6P peptide 
was: Mp^MWQBVGKAMYA^ the 
sequence of the C4B9V-Y389.6P peptide was: KQIIMMWQYVGEAM Y'A- 

Figure 4: bfeintaliKation of BAL in PBMG. 

Hie present invention elates to a composition comprising a 
muitipHcitv of .immunogenic hybrid peptides, each comprising two 
eompoiseBts, One component includes a T-Mpef epitope and can comprise 
residues from the €4 domain of HIV gpX20, The second component 
comprises residues from the ¥3 domain of gp 120 and includes a B cell 
neutralizing antibody epiurpe. 

Advantageously- the first component comprises about 16 contiguous 
residues irom the C4 domain (abom residues 421 to 436) and the second 
component comprises about 23 -25 centiguons residues from the V3 domain 
(about residues 207 to 322), The components can, ho wever, fee longer or 
shorter, Bref%ably ; the V3 component is linked C terminal to the C4 
component peptide, The hybrid peptides can include additional sequences 
(e.g- 5 linkers (e.g., cysteine, serine or lysine linkers) between the C4 and ¥3 
components), The composition can, tor ex ainpK comprise 5 to 10 hybrid 
peptides, 10 to 15 hybrid peptides or 25; to 30 hybrid peptides. The number of 
hybrid peptides used will depend, at least m pari, on the target population. 

Preferred first components comprising residues from, the C4 domain 
are shown in the Tables that follow (see particularly Tables 6 and 7). O&er 
T helper determinants feom HIV miroro non-HIV proteins can also be used, 
For example, a further T helper epitope suitable for use in the Invention is 
from HTV gag (s.g. : residues 262-278). One such sequence/ designated 
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■GTHi , is YKRWiILQl,^I^^MYS (from HIV p24 gag), Vasaais of this 
sequence can also be used. AHemati vely, a carbohydrate sixph as the outer 
ixiexnbrane protein of pneumococons, or another carboJiydram of protein with 
mw3.miogemD ? T helper acts viiy cm be m$d> 

The V3 components of Vm hybrid peptides present m the instant 
composition are sekcted so as to be representative of higher order sltuctural 
motifs present In a population, which motifs mediate V3 functions m the 
eo^vseof envelope mediatedHIV^i^teraGtiQB. with. .host. eelis> The Lm Alamos 
. Nattomd laboratories Human Retroviruses and AIDS Database ;poman 
Retroviruses and MDS, 3008, Published by the Theoretical Biology and 
Biophysics G Mail StoB ^IO, LAHL, Las AlainosvNM) pre^tly - 
^tems over UJSJQO BI¥ envelope sequences, showing the extmoB&^ry 
: di versi ty t& virus has obtainoo since em .'grating in man in Airier 
apprxmia^ly 50 years: ago. For sample, among 432 V3 sequences 

tfefead. imm individuals infected with $ubi>pe C ^designated "Gbtife CP) m «, 
Afnea ennmsfiy available ia the HIV database, 176 'dfetbact variants of a 23 
ammo acid w&t&h at the tip of the ¥3 loop have been fou&d. Similarly , > 
among 6S70 B subtype (designated ?: Cla.de B M ) V 3 sequences from fee US, 
1 514 emque t oxm$ have been, found 

A method has bee^i developed to organise short smigefck -donates by 
proism simpasii^OT This metbod 

enables : tiis visualization of the ckMeriiig .patterns as a dendrograr^, and the 
splittmg patterns in the den^ograaia can fee wea to define clusters of related 
seqomros (Korber k. «J, I %pL 68:6730^744 (1994)), The method allows 
die use m ' several dirfereot. amino acid similarity scoring schemes available in 
the I|teratare, prefixed Is ike amino acid substitution matox deydoped by 
Henilcoff fad-HeiCxfcdfj (see Advances m-.^otein Oi : enilstsy 54:73-97 (2000) 
and ProteiBS; Streooxre s Function and Genetics 17:49-61 (1993)}, designed to 
give substitatigBS feat are well toier^sd m conserved protein sfesmral 
elements -a .high score, and a low score to those that zm mt Typically 
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deluded from em^emim vary rare, highly divergsat peptides, and favored 



are peptides ftsnnd in many individuals wit-Ma the population. In a selected set 
of sequences , most of the unique forms are within one or two amino acids 
&orn a least one other of the peptides chosen. This method. Ms bees applied to 
5 clustering the large Bumber of variants of the antigenic tip of the V3 domain 
within Ckde B and Clade Cinto groups (gfeoat 25) that are likely to be cross- 
reactive within the group. Based on these clustering patterns, variants (e.g,, 
about 25-30} arc sslected that are representative or "cental" to each group, for 
testing for antigenicity. The HIV Clade B and Clade C gpI20 envelope V3 

i q sequences have been analyzed, m described shove, for groups of ¥3 

sequences predicted to have structural similarities . Twenty five Clade C and 
30 OMe 8 groups have been defined and chosen out of each group is a 
cmmnoti, or the most common, sequence as a representative of that group. 
The selected ¥3 sequences have been included in a C4-V3 design thereby 

15 providing a. 25 peptide Clade C immnuogejn and a 30 peptide Clade B 
immunogen (see Tables 6 and 7). 

Tabled 

C4-V3 feign of Clade C ¥3 sequences 
3D C4-V3-C1 KaOmiWC^?VGKAMyA-trpnnn^ 
G4-¥3-C2 TOIINMWQWGKAWArtrpnnntr^ 

C4-V3-G4 &$s»m^^ 

C4-V3 ~€5 KQH&MWQWGE^ 
2S C4-V3-G6 KQffi*%tWQWG^ 



C4-¥3-C7 KQHI^WQVVGKAMYA-srpsnnttE^MgpGqtfyMg 

C4- V3-C10 KQIIKMWQWGK^ 
3 o C4-V3-CI 1. KQIi^MWQWGIsbiMYA-trp^ 




wo mmmn- 



5 C4-V3-CI6 -KQDNM WQ¥VGKAM^A-¥rps3mtrks¥ngpGqtSyatg 

C4- V3-C1 8 KQHMMW^^ 
C4.Y3-C15)K<^^^ 

10 C4-Y3-€;21 &QnNMWQ¥¥GKAMYA~trpG^ 
C4-¥3~C24 EQIi!SMWQy¥GK^ 



8 
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Table? 

C4-Y3 peptides Ciade B 

€4-^3-396.2 KQHlSfMWQVVSlL^^^ 

01^3-82.15 WQm^m^GKmYA-m'm^msmiQp^mrnm 

G4-V3-I44.8 TOimiWQWGK4MY^^^ 
C4.V3-23.38 KQPKMWQTVSI^^ 

€4-V3~5I3.2 KQIl»?QWG|^Wi«SMIIUCM 

G4- V3- 1448. 1 KQTOVIWQWGKM^ 

G4- V3--69. 18 K<m<MW®YVGK^ 

C4-VM4&8 KQ&NMWQVVGK^ 

C4-V3-2 23.1 KQO^MWQWGI^MirA^ 

C4-V3-5I.23 KQXfNMWQVVGK&Mm^^^ 

C4-V3-72. 2 8 m&*^QYV®^^ 

C4-V3.36.29 KQW$h^Q^*&&kM 

C4--Y3-70. IS Ka»NMWQVVG^ 

C4-Y3-S9.14 SSQHNMY^^ 

C4-¥3^,63.7 SOTNMWQWGI^^ 

C4~¥3~57.20 Itl^I^M VGSCAMY A -RF^XHTGKS3EM0LGR.4WETni* 

C4.V3-il.S5 TOMMWGVVGlDiMYA-im^ 

C4-V3-34.29 KQHNMWQWGK^^ 

04- Y3-1 .48 1 KQHN&tWQ^ 

C4- V3-8S- 25 K<2«^WQWG^^ 

G4-Y3-62, 29 BIQ0NMW<|W^^ ..* 

C4-V3-125.9 KQHNMWQWG^ 
C4-¥3-35.29 raiNMWQVVGR&MYA~m^N^^ 
C4-V3-74. 17 &Qlfr&*WQW©^ 
C4-V3-4S.26 iESQS&i^ 
C4-V3-122.9 KQII^MWQVVGKiAMYA-^^ 

C4-V3-162.7 Koa^watvcao^ 

C4-V3-3.323 ^0-OS!MWQWGK&M^ 



While the above is offered by way of example, it will fee appreciated 
that the same analyses can by performed for HFV Cladea A, D, B, E G s B, M, 
K, Q, etc, to design ¥3 innnunopns that react with HIV primary isolates from 
these Qgdes, 

5 in additioa to the sequences described in Tables 8 and 7, a substitution 

has been made m-fhe <24 sequence at position 9 front E to V to ■..enhance the 
binding of the C4 region to human immune cell membranes, and. to increase 
immmogmmiy (see- Example that follows). Substituting V for E at position 9 
of C4 results .is the C4-E9¥-Y3RF(A) peptide inducing 2-3 logs higher anii- 

10 gp 120 V3 region antibody levels compared with die original C4~ V3&FACA) 
peptide. The effect of the E9V substitution Is not species specific. While not 
wishing to be bound by theory, the data may indicate that the ability of the 
B9V variant peptide to enhance B ceil antibody production is not MBC 
specific but rather it relates in some manner to nos-MHC specific factors, such 

IB as fee ability of the peptides to bind to the lipid bilayer of iromtsae ceOs- Hie 
data presented in Figure 3 demonstrate the ability of C4esv- V389.6 peptides to 
bind to human PB lymphocytes and monocytes. The ability of the C4 and 
C4R9V "T helper" detemtinants to facilitate inmannogemcity of the V3 region 
may he due to the ability of helical amphipathie structures to Interact with 

20 lipid bBayers m & non-MHC related manner and promote peptide 

intsrnalisabom The invention encompasses the use of 04 sequences in 
addition to: those described above. 

The peptide immunogens of &« invention can be chemically 
synthesized and purified using methods wMeh are weii lcnownto the 

25 ordinarily skilled artisan. (See, for example, the Example that follows ) The 
composition can comprise the peptides linked end to end or can comprise a 
mixture of individual peptides. The peptide inmiunogens can also he 
synthesized by weli-knowtvreeomhinant DMA techniques. Recombinant 
synthesis may be preferred when the peptides are eovaieritly linked.. 
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Nticleic acids eoDodlng the peptides of tfie iBveotion cm be used as 
components of a DMA vaccine wherein the peptide encoding se<|ueneg{s) 
Is/are admlmste^d as na&ed DNA or, for ^ian^le, a mmlgane an&edmg the 
peptides can be present in a viral vector, such m m atewai vector, a 
5 xnodiffed vaccinia a^kara vector } a vaccinia vector or an . attenuated TB vector. 
Expression of the ImmoBogeBic pepticies of the .invention sail foe Induced m & 
patl^ltls o wn cells, by intioauctioiiinto -those cells or nucleic acids that encode 
the peptides, preferably using codqns and .promoter that optixnize expmssion 
in human ceHs, Examples of methods of making mid using DN A vaccines are 

a o feeiosed m ITS, Pat, No^ 5,5SQ,m 5,589,466, m& 5,703,055. 

The composition of the invent? m c&mpn s$& aii iminuBo! ogieally 
effective amount of the peptide itnmunogens of this invention, or DMA 
aeqn&nce(s) encoding same, iTva pham^acseiicaJly acceptable delivery system. 
The compesitions can. be usedior prevention and/or treatment of 

IB immunodeficiency vires infection, Tile ^omppsitioxis of fee -iiivention can be 
formuiamd using adgiw&nls, eBiukifiers,- phannaeeatically-aeceptable carriers 
or other ingredients routinely provided in vaccine eosn^ositiona. Optimum 
formulations can be readily designed by one of ordinary skili in the art and can 
include fonnulaoona for immediate release and/or for sustained release, and 

2 0 for induction of systernie immunity and/or induction of localized mucosal 
immunity (e.g. the fomulation can be desigeedfor inttaBasal admini^txatioii). 
The present compositions cats be adniunsiered by any con.venkmt route 
including subcutaneous Intranasal, oml intramuscular , or other parenteral or 
enteral routs. The iromimogens can 'be administered as a single dose or 

25 multiple doses. (;>ptimtw can foe readily detemineci 

by fee ordinarily sknled artisan &ad can vary with the patient the eomposiliDn 
and the effect sought By way of example, it is noted that approximately 
SOug- J OO^g of eacb hybrid peptide can be adminktered, for example, 
intraxnescolariy (e.g. 3x>, 



WO 03/&Mi47(!> 



3*€TA;$02/35«25 



The invention contemplates the direct use of both the peptides of the 
invention and nucleic acids encoding same. For example, a minigssos 
encoding the peptides can be used as a prime and/or boost, 

In addition to the composition described above, die invention 
5 encompasses each of the hybrid peptides disclosed as well as each of the 
components (C4 and ¥3), alone or in covalern or non - eovalent association 
with other sequences. Hie invention further en compasses nucleic acid 
sequences encoding any and all such peptides. 

Certain aspects of the invention can be described in greater detail in the 
10 non-limiting .Example that follows. 

EXAMPLE | 

Peptide design, synthesis. <md pw0catuM. 

Peptides were designed, as shown in Table L It was hypothesised thai 

is alteration of the C4 sec|osnce to reduce its helical conformational tendency in 
peptides might cause enrichment of solution confotmers resembling a p strand 
confoniaation. This in mm might cause C4 to he immoaogenic for antibodies 
mcogmzmg the native conformation of the 04 (part of the CD4 binding site) 
region of gp!2fh The present work describes tests of this hypothesis in 

30 chimeric peptide C4-V3 RF,. which has a V3 segment from gpISO of MXV 

strain EE and three sequence variants wherein single amino-acid replacements 
have been Ihtrbdriced at position 9 m the 04 segment, Gin (E) to Gly (G), Giu 
(B) to Vai (V), a»d at position 12, Lys (K) to Gin CE) (Table 1). These 
replacexsents were made rn part to distant possible stabilisation of hehcsl 

;>3 conforrnations due to side-chain (i, (■*$:) charge interaction between E9 and 
K12 (SchcSte et al. Biochemistry 32:9668-9676 (1993)). In addition, die 
substitution in C4 H5e -Y3EF(A} was expected to disfavor helix formabos by 
introducing greater main-chain flexibility (ChahTabartty et si. Adv. Protein 
Ghem. 46:141-176 (1995)}. Furmarmore the sobstimtion in V3RP(A) 
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introduced two adjacent -valise residues which has hesT* h^ofees^ed to favar 
e-T<t^de4 ccMttoMiom, Thus, tiie parent peptide, C4-Y3RF(A! (Bayim st al s 
AID -Eess* Human llmmixmm 11:211^221 (1995)) con tamed 16 N-t^imal 
residues from, fee C4 clommn of gp 120^ and 23 C-tsrmmal residues from the 
¥3 domain of gpI20 of BIVRF. 
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Peptides were synth^iM by fiuosm^ ob 
an AB1 43 1.4 peptide synthesiser (AppUed Biosy&teiBS. fee,, Foster City, CA) ? 
thmx purified- by averse-phase high perfonnance liqmd. cliromaiography. The 
parity and identity of the product were confirmed moleeuiar 
mass by ekotrospray mass spectrometry. 

Zmtou&iffltwn methods. 

Mice were irmngnmsd with 50/xg of the indseated peptide in 
tecamplete Freuiid-s adjuvant {iSASl, Seppc inc.* Paris France) at weeks Ck 
3, and 7 and Med at weeks 2, (bleed 1 alter Boost i), week 5 (bleed 2 after 
boost 2) and week 8 (bleed 3 after boost 3}, itaBiime nssponses were seen after 
bleed 21b most animals and data are imported from Meeds 2 and 3, 

Guinea, pigs were inimu^ized intranasaily with 2Q0#g of G4-V3 
peptide 1b saline with feg of cholera toxin as adfuvsaras described. Guinea 
pigs were immunised on day 0, day 14 and day 21 and serum sasiples before 
and I week following each iinmuijiaafion -.obtained by cardiac p.mctore. 

WLtSA-Assnfy\ 

Anti~HIV my peptide EOS A assays were per&nned as previously 
described (Iiaynes et a!, X femuBoL 151:1646-1653 (1903), Bsynes et M 9 
AID Res. ifaaB Retroviruses 11:211-221 {I9§5}}, 

2 o Sptewgyfe- Proimrauan Assay. 

Moxte s^ assav using ^H-thymidina 

mcorporadon was perfomied as p^ou% desenbed- : (Hfcyrses : et al, AID Res, 
- Human Retroviruses 11:21 1-221 (1995)). 

Nmirdlmng- Atztrm&iA$mys\ 
23 Assays fm ability of anti-HTV amisera to ntumhzs HXV were 

perforioed as described (Palker el a], X ^nunoL in:56l2-S6l9:iBm, 
Hayrxes et al, Tmm. Am. Assoc, Physician 106:31-41 (1993), Xlayaes et &L J., 
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Immnml. 15 Iil646-1 655 (1 993} f Haynes &i ah AID Res. Bm&m Retroviruses 

ium-m (1995)). 

NMM spectroscopy. 

Peptides dissolved to 4 sbM in a soMbs. of 90% *Sk0, W% *HaQ, 
20 ibM HsO, S mM EH-PO^, 1 mM sodium &dde, 0.5 rdM sodium 3- 
(trimethylsilyl) propionate, at a pH of 4,2. The methyl of the latter 

component served as a chemical shift reference. 

Spectra of samples pmpared in this way were acquired with a Vmm 
Unity 500 MHz spectrometer at a temperature of 278 K.. The Joelc signal was 
from deuterium in the sample. The iMI owing two--dimensioiml spectra were 
obtained: (a) doul>Ie~qnaalum-filiered correlation spectroscopy tDQF-COSY) 
(Pmaiim etal, J. Am,Cto. Soc. ...104:6800-6801 (1982), Ranee etui > 
Biochem,. Biopjys. Ess. Coimmm. 117:479-485 (1983)); (b) total correlation, 
spectroscopy (TOCSY) (Bax et al, X Magn. Reson. 65:355-360 09S5)J.evitt 
ei el, J. Maga. Reson. 47:328-330 (1982)) with a mixing time of 150 ins; arid 
to) nuclear Overhauser exchange spectroscopy (NOESY) Qeensr et ai ? X Phys. 
Chsni. 71:4546-4553 (3.979)) with a mixing time of 300 ins. Water resonance 
was suppressed by selective saturation disring the relaxation delay, and, for 
NOESY, daring die mixing period. The spectral width was 6700 IU, with the 
Indirectly acquired dimension collected as 750 (COSY), 512 (TOCSY), or 350 
(NOES Y) complex increments: and the directly acquired dimension 
containing 1024 complex points. Data were processed with H3UX 2.3 
software {Biosyin, San Diego, CA). Directly acquired fee-induction decays 
were corrected for base-line offset. Decays fn both dimensions were multiplied 
oy a sinebell-squared function (phase shifted by 75D and mo-lied to 2048 
points before : Fourim-transfonriatips. 

Peptide Membrane Binding Assay, 

Peptides at lOOngdol wereirseubated wife 106 peripheral blood 
mononuclear cells for 1 hoar at #C, washed x3 with phosphate buffered saline 



oostamed 0.1% solium aside, to. metaled gumea pig anfe-HlV 
89.6 V3 aatiseta (xlhr) (Uao et ai, J. Virol. 74:254-263 (2000)), wash as above 
and thm feeafeated with HTG-CQnjugated goat mfe-guineapiglgO. After a 
final wash as alone, the cells were analysed for the relative amount of peptide 
footmd to either FB Im^lioeyies or PS monocytes as reflected m the mean 
RuorssceM channel (MFC; of reactivity of the anti-HIV 89.6 V3 antisera. 

Results 

Ami-gptm V3 AmibodyM^ponses FoiI{)wktg Mmunizmian of Mice With C4~ 
V3KK C4 S9r -VSRF(AX C4z SG ~ VSEF(A)and:C4 m s- tBRF(A) Peptides. 

First,, the ability .of €4»V3HIVRF variants to modulate the 
lirm-iunogemclty of the peptide wife regard to and bodies to the Y3 portion of 
fee C4-V3 iiaxntirmgen were assayed. Ilie results (Figure 1, Table 2) show 
feffsmnces among the four peptides m their aMify to induce apti-HIVRF V3 
antibody responses. Sera from C4£sy~V3RF(AMxnmofezed mice had a log 
higher anti-VS antibody titer than either mice immasked with the native C4~ 
V3RF(A) peptide or the C4E9V-V3J^(A) peptide variant. After one 
imimmmation, so antbVSliF antibody response was seen in mice immunfeed 
wife either C4~V3RFc;A), C^-YWPm, or C4 K i2E-V3EF(A) peptides. 
However, after only one immnnkation with SOfig of the C4epv -V3 peptide, the 
.geometric mean titer to V3RF(A) peptide was 1:501 2 (n ==3 mice), with titers 
of 1:3200, 1:3200 and 1:12,800 in each of the mreenh.ee tested, respectively. 
Thus, the E9¥ C4Y3RB; A) variant induced a higher titer and earlier anti-gp 
120 V3 antibody responses than fee other C4--V3RFTA) peptides tested. After 
2 boosts, C4 HS v- V3RF(AVixmnntdsedmiee had 2 logs higher anti-V3 antibody 
responses than did C4~V3RF{A) irnmttnized mice (Figure 1, Table 3), 
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The GAkiib- V3RP(A) peptide wnant iiictoced snti~¥3 anhfoody 
responses 3 logs lower thorn the C4~V3RP(A3 peptide aftsrS maxaunizadoss 
(Figure 1, Table 2). Thns, smgle aTmno-addrepkcsi^nts in the C4 T helper 
regttjft had extraordinary effect on iiBBinnagefecity of the HI¥EF gpI20 V3 
domain. 

Cvnparisov oftheMUty ofC4~V3RF(A) Peptides to induce MfcBlVgp&Q 
Peptide 3E-Tiiy?mdim Incorporation in SpJemenes From Naive mat Peptide- 
Immunized Mice. 

Nest, C4-V3 peptides were tested for their ability to stimulate 
prolifemion of splesocyl.es Mm.p^te~kommfa®& mice. Balfo/e mice were 
saenSeed alter the third peptide ina&sr&aation and their splenoeytes assayed 
ferine ability to proliferate to PHA md to each peptide type (Table 3). It was 
found that G4- V3&PCA), G4 BS>V -¥3RF(A), and C4 Ker V3EF(A) pepbdes all 
induced in vitm proliferative responses to the immaaizlDg peptides, whereas 
the C4p9c-V3EFCA) variant peptide did not induce proliferative responses in 
B9Q-p4J»e^mice s?^rjifica3tly over responses of naive niice (Table 3). 
Regarding the ability of toe B9 V peptide variant to in dace earlier and greater 
anti-¥3 antibody responses compared to fee other peptides tested, the C4 EW ~ 
V^RP(A) ^tide-primedspIen<K?yt«s for proliferation to the irriirainfefng 
peptide oaly mtoiimOy better than did each of the other three peptides CI jfele 
3). Thus, altered induction of T helper ceil proliferative responses did not 
explain fee differences in peptide irnmunogeoieity. 
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The lower antibody titer induced fey the G4 Km ~V3 peptide against 
V3RF(A) was not m artifact attributable to lack of ability of the VS. peptide 
not binding to the EL1.SA plate, as sera, fmin C4B?v-¥3EF{A)-iBdac&d antisera 
had high reactivity to the V3RF(A) peptide on the ELISA plate. Similarly, the 
C%i2B-V3RF(A) peptide could bind and~V3EF antibody as maMple antlsera 
raised against C4-Y3 peptides haxmd fee C4 £T2S ~V3 variant (Table 2). 

Antibody levels t© the C4 region were also tasted. The C4 region 
induced only a minima] antibody response compared to the V3 region, with all 
the G4-V3 peptides tested (Table 2). 

■Ari$t-%? 120 V3 Amib&d? Responses Following Immunization qfGutmn Pigs, 

Next, 2 guinea pigs were immonixee eaeh with 200a g of C4-V3RF (Ai 
m^crV3 RF(A), CW.V3.RPCA). or C4 K i 2 b-V3 KF(A) peptide Iniranasaily 
with ipg cholera toxin adjuvant in saline, fetxaisasa] imrmiration of peptides 
with cholera toxin has beers previously shown to rssait m CTL and titers of 
and-peptide antibody similar in levels to titers induced by Initial miigms 
&mwMzm& mbcvimmmly, or mtenuscaMy is oil in water adju vants snob, 
as complete and incomplete Round's adjuvant. In addition, it was desirable to 
determine the ability of C4- Y3 peptides in an aqueous solution {mdk as in 
saline for intranasal immumzation) to indues anti4:iIV antibody responses in 
order to correlate reactivity of antibodies generated against peptide in an 
aqueous adjuvant with peptide corsibrmers solved in an aqueous solution. 
Finally, there was interest In determining if the amino acid substitutions in die 
C4 region conferred on the C4-V3 peptides the same-pattern of 
imrmnogeiuchy as seen m oil in water adjuvant in mice. 

It was found that after 2 immunizations the C4-V3 EF(A) peptide 
induced a mean anti~BIV peptide antibody titer of 3981, peptide mdsesd titers 
of 1 log (GMT - 31,623) higher. As in mice, substituting the 61a (E) forI.ys 
(K) at position 12 In the €4 peptide abrogated peptide imniundgenieky m 
goinea pigs (GMT ~ lb) (Table 4). 
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TABLE 4 

Htsrs of C4-V3 HIV B&yel&De Antibodies fedac^S by 
C4~Y3RFCA} Peptides m Guinea Mgs 

Peptide Titer Ag^mt.Imxaua^lag Peptide* 



€4~¥3BB;A) 3, 

€4- £ * r V3EP<A) %m 

G4-B9V-V3RF(A) 31 .623 

04- K :, 5 -V?RP;A; 16 



*Data rspreseat the meass titers from 2 animals after 2-3 linmimizatfoBs 
inlranasaily wxtli 400ug of the indicated peptide romMaied in saline with 
le cholera toxin as an adi«vaat 



Ability of Antibodies Agmtis? €4- ¥3 'Peptides to Induce Neutralizing 
Antibodies, 

M order to iMuceMgh levels of mmmmg antiboffies with C4-V3 
IS peoddes, usually 5 imstopixsiioas m given CPaOisr et a], J. Immunoi. 

142:3612-3619 (1989), Haynesei $XJ. hmmml 131:16464653 (I993X 
Pallfcsf et aL Froe. Matt Acad.. Sci. "USA 85: 1932- 1936 (1988), Uao et ah L 
Virol 74:254-263 (2000)), The gamea pig sera from the experiment presented 
in Table 4 were rested for ability to neutralize HIV1F. It was fonnd that am 
20 sera from the C4-V3RF( AVimmunized animals (after 3 imeefions) had a 
xseatcaliziBg aBtibody titer of 1:40 against MVRF, while one animal of the 
C%9v-V3KP(A>iDjectsd ardrhais had a seatraliamg titer of 1:340 after only 1 
injections, Thrss, antibodies induced by the C4^v-V3RF(A) peptide e&s bind 
to native gp!20 and aeatralize H1VKF. 
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JiwhiBy of the C4~S9V-KF(A) Sm-a to Bind tpgpiWjrotn %Wim> 

The V3 loop sequence of BIY?na is different from that of B1VEF. sad 
thus HIYKF anti~V3 tteutralizisg aiitikxles do set nenmdtee HIV M e- To 
determine if any antibodies were generated by any of the CN~Y3RF(A) variant 
5 peptides, all the mouse sera in Table 2 were tested, as were the guinea pig sera 
in Table 4, for the ability to bind to native recombinant HI V BT s gpI20 in 
ELISA. Since anri-HIVRF V3 antibodies do not bind to the HtVjn* V3 loop, 
my binding activity of these anti-C34~V3 sera would be to the C4 region of 
HIVjub, which is conserved between BXVbtb and HEVRR No binding of any 
•20 mouse or guinea pig anb-G4~V3 sessile HIV SB gpUS was seen, indicating the 
inability of these peptides to induce andbodies against the native gpi20 C4 
region. 

C&nfdrmMional Propensities sf C4- ¥3 RF Sequence Variants m Aqueous 
mutton, 

IS Next, the peptides were examined by NMR to determine whether 

conformational changes had been induced by amiBO-acid sequence alteration. 
It was hypothesized that specific amino-acid snbsiitniions m the C4 segment 
would lead to a decrease m the tendency of this regkm to adopt tranaient 
helical conformations. To test this hypothesis, each of tee four peptides, €4- 

.30 V3HF and variants E§G, E9V arte KI2E, was subjected to *H NMR 

spectroscopy to assign resonances and to analyze nuclear Ovarbauser effects 
between hydrogen nuclei on separate residues. 

Resonance assignments fornearly ah iH were determined from 
TQCSY, DQF-COSY, and NOBS Y spectra by standard methods (Wutebch, 

35 NMR of Proteins and Nucleic Acids, john Wiley and: Sons, New York 
(1986)), and are shown in Figure 2, The value of the chemical shift for a 
nsain-ehain l M, for example, the a carbon C a H 5 is correlated with secondary 
Mructure in tee case of proteins or weh structured peptides (Wishatt et ai, J, 
Mob Biol 222:311-333 (1991)3. Hence, strong tendencies anwng C4- V3EF 
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peptides to adopt secondaQr -gtfasttrfe.ifi soktiotimav be mamfested m 
chemical sliift values, Tliis was exaimBodfoy osculating for each peptide the 
•diffemB.ee: m chewiest] shift between ihe C-H of each residue and a M& value 
xeprmm^ig the average for all secondary structures in proteins (Wisbail et aL 
S J, MoL BloL 222:311-333 (1991)}. In no peptide wsb there stretches of 
sequent with,Mgfa or low values of the chemical ahift . difference that would 
be evidence of stable secondary ?tmomre,..fe exainpte . helix or 0 strand. 

HMR p^ametera m$k as cfeemieal sMft and coupling constants aire 
often Insensitive indicators of weak preference* for parn.cular confbrnia^Dns 
10 since their values are the average of the- entire population thus obscuring the 
contribution of a slight bias for populating certain oonformatiori^ The nuclear 
Overhauser effect (NOB) is often more sensitive at revealing coMomiatioiial 
propensities because it may give rise to a unique signal, although weap on a 
baekground consisting only of random nam Hence, NQBSY spectra of C4- 

1 s V3EP and its vari ants were diamcteri&ed to identify each signal and evaluate 

its relative .intensity. Sequential •aed'xnediain range fevoiving mam- 

chain MB c&GaH are lisi&din Figure 2 v These MOEs and the possible 
cordferrnatianal propensities they represent - am discussed as follows for C%s<r 
¥3RF(A) and C4 B9> -V3RF(A}. Variant C% X ^V3BTO)K12E is discussed 

2 o separately below becaase It was studied under diiteiont conditions, 

& terms of overall coTiformation, all four peptides showed NOE 
patteois suggesdiig n to adopt stable strucrore. Porexarople, 

sequential tMN& M-l) ^id dHK(i i*J} NQEs were usually both preset for 
each seqi^titial; pair of residues, with the former typically mare iBteB.se, 
25 indicating that f ssndj main-chain dihedral bond angles varied and mai^tai^ed 
Di> average an extended conformation CDvsob el aL Ami Mv> Biophys, Chenx 
20:519-538 (1991}), Abo the absence of long range NOEs f ffc i*5) or greyer] 
ami fee few and generally weak medauxn-range NOEs suggemed .no significant 
pftpuktioti df .Mgher order structure. 
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However, the fact that some medium rasge NQBs were detected is 
evidence of propensity to adopt non-random eonferin&hoBS in certain regions 
(Dyson etal, Ann. Rev, Biopnys. Chem. 20:5X9-538 {%99l% -Although only 
one nfodng dme was used for NOISY spectra (300 ins), previous studies of a 
S xeiated €4~¥3 RF peptide <de Loxiniier et ai, Biochemistry 33:2055-20d2 
(1994)5 showed diat mediom range NGSs we^e saiiobserv 5 &Me at shorter (75 
md 150 ins) mixing times. Benee :< the HOBs i ndicating medium range 
interactions are not likely ens to spin-dixfEjsion. 

Within the C4 segment G4-V3EF and C4 m A^RF(A) showed 

is nnmecons inedinm range NOEs which are consistent with a tendency of this 
region to populate nascent helical conformations. The presence of contiguous 
or mm&^m^&N(i f i^2} HDEs frona 'Ftp id Tvr' 5 (C4~ V3RE) and from lie 4 
to Lp 52 (E9V) indicates a propensity for mssmi helical turns in these regions 
(Dyson et at, Ann. Rev, Biophys. Ghenn 20:519-538 (1991), Dyson et al, J, 

IS Mel Biol, 201:201-21? (1988)). A dlWfU+Z}- HOE in this region in C4-V3 
RF (between Bys 3 " and Met i4 } is also consistent with mMn-ehaiT! f and j 
dihedral angles representative of helical turns (Dyson et at, Ann. Rev. 
Biophys. Ckism. 20:519~d38 (1&91))- C4- ¥3 RF shows thrse consecutive 
d#W.U*3}m%» froxn residues VaF s to Tyi x5 y which is highly indicative of 

20 Ml helical turns. The presence of equivalent HOBs m E9Y could not be 
ascertained due to overlap with other NOBs. However both C4-V3RF and 
E9V show two dab(i, Ih-3) NQEs, bevween Yd 2 * and Ala 1 3 and ostween J&P 
midMsv 4 . This type of NOB is also highly suggestive of foil helical tarns in 
these regions of€4. 

2S Variant C4 wo -V3RF(A)on the other hand showed no evidence, in 

tsnxjs of medium range NOEs, for pi^ferenda! popukdon of certain 
corrformadons in €4. This absence of medium range NOBs was not due 
merely to ambiguities caused by signal ovedap, because there were. at least 
five positions where an NOB was unambiguously absent in C4 £Ct Q-B ; 3KBCA) i 
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bat present m the parmt peptide C4-V3 BE Thus : the E to G substitution in 
the C4 peptide appeared to prevent helical coiifomssr formation in the peptide. 

In the V3 segment of the three peptides , C4-V3 RE C4 ESQ -V3RE(A5 
and G4e$v- Y3RF{A) s were m&cMum mt>ge NOBs suggesting preferred solution 
conformations in certain RE regions. AM three peptide showed evidence of a 
reverse tmtx in the sequence Arg ls T 3 ro VB ~-Asii—Asij 2 % where these residues 
comprised positions 1 to 4, respectively, of the tarn. The NOB pattern 
consistent with a reverse turn included a w^kdNd(iHT} between Arg iS and . 
Pro 1? 5 undetectable MNfri+J} between Fro 5 " 5 m&Am*\ weak dad(i > M ) 
between Arg 18 and Pro 15 , $±rwgdaNttf±l} between j?m m and Asn as 5 and 
detectable daN(ii^Z) between Pro 1 * and Asn ?s (Dyson et si, X Mdi. Biol. 
201:161-200 (1988)). The detection of the we^kdNd(iJ^-l) NOB (Argute 
Pro 59 ) suggested that a Type I tarn may be the preferred conformation (Dyson 
et al s J. Moi Biol 201 : 161-200 (1988;*). 

A3! three peptides also showed evidence of preferred eorrfornaers at the 
sequence S^-Se^Thr^-Lys 25 ! There \vere two consecutive daN(iJ+2) NOEs, 
between Ser* 5 and Thr 28 and between lie 3 " and JLys*, as well as medium range 
NOEs not shown in Figure 2. The latter included a dWUJ^2} HQS between: Ser* 
and Thr 2 *, and & Sai(iJ+2} NOB between these same residues. The 
conformational preferences giving rise to these NOEs did not fit a typical 
secondary structure, and suggested an nnusnai turn that placed the side-chain of 
Sei^m close nroxmaiy to the maiti-cbain groups of Thr®. This type et 
confomsatton has been described as a kink In the contest of a helical region 
(Ostefhont et ah Biochemistry 28:7059-7064 (1989)}.. 

A third conformational feature in the A3 segments of C4-Y3KF, C4b*v- 
V3EF(A) and C4^¥3BF(A)oee«rred in the sequence Cily^-Pm 3:J -01y 32 ~Arg 3 f 
In WO the NOEs between these residues resembled the pattern described above 
that was consistent with a reverse turn (Dyson et at, J. Moi. Biol. 201:151-200 
(1988)}. This included a weak dMf m*J) NOB between Oly 30 and Pro 55 , a weak 
ddtf(i, i-M) mn betweea Pro 55 md Oly n , a weak iaMiMlj NOB between Gly* 



WO • 8$f$3&47H 



mid'Pr<r\ a strong da&(i i^lj NOQB between Pro 31 and GIy : *% and a delectable 
daNdm) NOB between Pro 31 and Arg"* In the C4-V3EF peptide, the pattern of 
U $ m} HOE intensities was fee same bat mdaN(W) NOB was demoted 
between Pro 35 and Arg 3S . fostead a :£aNQi*2) NOE was detected between Gly* 
5 and Qir 2 . And * G4^E9V Y3RF> both daM(i4^2) NQEs, Gly^to Gly^aml 
Pro 51 to Anr\ ware detected. Hiese data raised the possibility feat two 
independent tura-iiice coiifbmadcmal preferences occurred in this region of V3, 
The fact that a Fm^Tg 3 ^ daN$U^2)NO£ was unambiguously absent, in G4 - 
and that a d&K& 1*2} NOB between Gly 30 and Qif 2 was also 
10 us^nbiguausly absent in C4^V3MF(A%m spile of sequent .identic in ai! ifeee 
peptides, may be Mated to die weak intensity of these MOB^. Being close to the 
level of Boise intimity, there is a possibility that one or both NOB signals on 
either side of the spectrum will not be detected, thus disallowing the given MOB to 
be scored aa such, 

is Another region in V3 where conformational preferences ormid be i^Tferr^d 

Irom NOEs occbts in residues Vai 34 -Ite 52 "Tyr 36 , In all three peptides NOEs were 
observed between the Bpfield methyl resoBEBoe (-0.67 npn) of Val 34 and the ring 
hydrpget^,. bQti> dH asideH* of Tyr 3i \ Weaker MOEs are also seen between the 
downfield m^hyi reaonaiiee (-0,89 pprn) of Val s4 .aad the ring hydrogens of 

20 Tyr^\ Purfter zvi&mm of close proximity between the side-ehmns of and 
Tyr^ was the fact feat the two raethyi resonances of the fbnner had disparate 
chemical shifts, compared to Val u \ ooBdMent with a ring-current shift induced by 
the aromatic Bide^cham of Tyn One peptide, ©f~V3KF(A) had another NOB in 
this region, .*iaN(§i*2) between He 35 mid Ala 37 , that was UBambiguously absent in 

:>5 m mm^^m ^ C4b^V3RP(A) peptides. This observation likely 

represented a poorly populated eonfdrmati^n, perhaps leiated to that which gives 
rise to the Vai^Tyr* side-chain interaction, or fmm an independent. 
coTrformation al propensity... 

Substitution of Lys n wife Gio yielded a poorly immunogenic peptide 

3 o CC4ki2S-VSKF(A)) that, mter^stingly hM solution properties different from the 



other three psptidsss -studied. Under the conditions usfed fbrMMR studies of other 
C4-V3 peptides, the solution of the C4 K12a A'3EE{A) peptides was highly 
vismm>. and viscosity increased wife pH : m ihevidmfcy of pH 4 f implicating 
ionization of the Qk 1? side-chain k this phenomenon. NME spectra of K12E ax 
278 K k aqueous buffer showed a much lower signal-to-noise ratio than the 
other toe peptides, kcreasinglhe tempexatnre to 318 K or decreasing the pH 
to 3.5 yielded improved but still inadequate signal. Suitably high signal for 
resonance assignment and HOE analysis was obtained at 31S K : . pH 5.5, 20% 
v/v trifduoroethano! {dd Even under this condition the NOEs for *e C4s» 
V3KF(A) were less intense than for other peptides. 

NOB connectivities k the G4 segment of C% i2 E-V3RFCA) (Kg. 2) show 
evidence of nascent helical turns in the region between lie 3 and Gly n as hnerrsd 
from mmi and daN(iH-2} NOEs. Tim stretch from Val 10 to Thr i7 has two 
daN(iM3j and two dab(L i+3} NOEs suggesting the presence of a significant 
population wild full helical turns. Wi&in tfee; Y3 segment only two medium 
range NOEs are observed, both daN{U*2). Nei ther corresponds to NOEs 
observed m the other three peptides, hot both NOEs involve residues of the 
Ser 2 «-lle 27 -Thr zs sequence, for which th ere is e vidence of conf annationai 
preferences In fee other three peptides. A dbN{iJ*2} NOB between Ser* m$ 
Thr m , observed in C%Gy-V3RP(A}) apt! C4 E ^.-V3RP(A) > is also observed in the 
K12E peptide. Also observed are NOEs between the side-chains of Val* 4 and 
Tyt m . Hence fee conformations giving rise to these two features are at least 
partially preserved under the soluti on conditions employed for K12B. 
Differences in fee V3 segment between K.12B and all of the other three peptides 
include fee absence of detectable d&Nfi , 2*2) NOE between Pro 5 * and Asn 21 and 
between Ser £ * and Tbr\ The failure to detect these NOEs may be due to the 
overall weaker signals of this sample, or to depopulation of the relevant 
conforraationa by the solution conditions. 
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EXAMPLE 2 

The peptides in Table 7 hate been studied in gfoups of 5 peptides as 
indicated m Tabled gad each group of 5 peptides has beers iBjected into each 
of three gaiaea pigs in Freud's couplets then incomplete adjuvant. After 4 
5 immmiisatos, the animals were Med, and heat imcti vafed serum was pooled 
from each Hsmm& or tested separately as mdkatedin Table 3, for the ability to 
mntxmm HIV , Single combers per group indicate that vhe results are these of 
pooled sera If em the group. M vidua! results pgr animal indicate that each 
seratn was tested individually.. Table 8 shows that all the sera aeutmH^ed. to 

1.8. varying degrees the T eed! line adapted HIV isolate MN and poorly Tiepiralized 
the TOLA HIV isoiate liffi. Regarding the rest of the isolates ha Table 8, all 
of which are J-OV pdinary isolates (89.6, BAL ADA, SFI62, 5768, QHOSlS, 
P¥Gj 3HPL, BXOS, 610I S SSII96), Group Caere from C4-V3 subtype B 
peptides neutralized 4/11 (36%) and Group F sera from subtype B peptides 

1 5 neutralized 5/1 1 primary isolates (45%), Figure 4 shows that for the HIV 
■CCm attlbang primary isolate , B AL, that the individual peptides in the 5- 
v&ieni mixture absorbed out the neutralizing activity against HIV BAL to 
varying degrees, whereas the nature of ail the peptides eorapieteiy absorbed 
out the neutralising activity. 
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It i s important to be abSsto its© T feeler detsmiManfs with she V3 
portion of the peptides shews la Table ?, both to expand & I helper activity 
in fee imamnogen, and ft case any of fee T helper peptides -.should be found to 
have my deleterious effects its the course of Jiunsan trials. For example, it has 
recently been found, m vitro feet in culture of HIV grid T cells, that fee C4 
portion of fee C4-Y3 peptide can augment HIV induced syncytium formation. 
However, peptides of this general design have been studied m vitro m HW- 
infeeted humms (AIDS 12: 1291-1300, 1998} and no subjects developed a > 
10 fold change in plasma HIV 'EN A levels from baseline. Moreover; the 
primary use of these peptides is as an immunogeu in HIV- subjects as a 
preventive vaccine, and not is doses that one would consider for therapy, 
which would be in milligram amounts daily. A T helper determinant from 
HTV gag, termed QTH3 with fee sequence of Y K. KWIiL GLN K I V R 
M Y S bas been conjugated to the V3 of HIV MN and found to induce and- 
HIV MN titers of 1:3200. Similarly, GTH1 conjugated to a ¥3 sequence of a 
HIV primary isolate DU179 induced antibodies feat neutralfeed HIV MM 
(1:192) and neutralized fee HIV primary isolate JR-HL (90% pMrcduction in 
PBMC e-u1.tures|. Thus, the GTH1 T helper sequence can substitute for the 
C4 sequence in fee peptides in Table 7 . 

Busily, a panel of xnono-vslent serum from individual guinea pigs 
immunised with each of fee peptides in Table 7 has been screened, whereas 
most of fee peptides in the list only induced neutralizing andbodies that 
neutralized 0 to 6 out of IP primary isolates, 5 pepbdes were found that 
neutralised from 14 to 19 out of 19 primary isolates tested. These peptides 
were C4-V3 36.29, C4-V3 34.29, C4-V3 62.19, C4-V3 "4.17, and C4-V3 
162.7. 'The sequences of these peptides are all listed in Table 7. 

Thus, sufficient breadth has been observed both in mixtures of C4- V3 
peptides and in select Individual peptides tor the immunogen to be practical 
wife regard to Induction of neutralizing antibodies against HIV primary 
isolates. By performing the same immunisatidii studies with lbs similarly 
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designed HI¥ subtype (elade) € peptides m Table & that a similar 
tausDger^s) can be developed for HIV subtype € viruses. 

While Individual peptides can be used to achieve the breadth of 
nsutaHgaag activity uesded to protect agaiixM HIV primary isolates, 
advantageously, mixtures of audtipie peptides are used, such as the 
combmah ou of grcmp C, or group F or the combination of C4- V3 36.29, C4-- 
V3 34.29. C4-V3 62.19, C4-V3 74.17, and C4-Y3 162.7 peptides described 
above, 

* * * 

All documents cited above are heceby incorporated in their entirety by 
reference. 



WHAT. IS CLAIMB^D IS: 

1 . A ooinposkioa comprismg a maltiplic% of fem^xiogcmic 

peptides eompnslag a first and, a second eomposeat^ 

said Sm, component comprismg a T^elper epitope, 

said second .cam^mmt comprising residues of the V3 domam of 

gp!20 and including a B cell siemrslizmg antibody epitope, 

2* The composition according to claim 1 wherein said ilxm 
mmfonmt is an a human taunc^eScleBcy virus (HIV) T helper epitope, 

3, The campoaidon according to claim 2 wherein said first 
component complies residues of the G4 domam of HIV go! 20. 

4, The composMon acfecmdmg to claim 3 wherein said first 
component comprises at least 16 contiguous residues of the €4 domain of HXV 
gpI20. 

5, The composition acec^rdin g. to. claim.. .4 wherein said first 
component comprises ■*esjdue& 421 to 436 of the C4 domam of BW gpl2CL 

il The composition according to claim 2 wherein said first 
component composes residues of HIV p24 



7. The composition according to claim 6 whei^m said first 
componmt comprims -QTBl . (residues 262-278: of HIV gag), 

Tbe coniposttidn according to claim ! wherein said first 
component is a norKHIV T helper epitope. 
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9. The composition according to dam I wherein said second 
component eorrmrisas at least 23 contiguous residues ox the V3 domain of 
HIV gpl20\ 

10. 'Hie composition according to: claim 9 wherein said second 
component comprises residues 297 to 322 of the V3 domain of HEY gp22Ci 

11 . The composition according to claim 1 wherein said first 
component comprises si least 16 contiguous residoes of the C4 domain of HW 
gpl20 and said second component cmxpmcs at least 23 eondguous residues 
of fee ¥3 domain of HIV gpl.20. 

12. The carsposinon according to claim II whemfa said first: 
compo»eBt comprises residues 421 16 436 of theC4 domain of BIV gpl20 and 
said seoon4 coxnponen tcc^pnses residues 297 to 322 of fee ¥3 domain of 
H2V gpI2fe 

13 . The composition according to cj aim I wherein said second 
component is linked C terminal to said first component. 

14. The composition according to claim .1 wherein said first 
component is listed to said second component via a linker. 

13. The composition according to claim 1 wherein said 
composition comprises at least 5 immunogenic peptides. 

is. The composition according to claim 15 wherein said - 
composition comprises C4-V3 36.29, .C4-V3 34.29, C4-V3 62.1 9, C4-V3 
74.17 and D4-V3 162.7 front Table 7. 



17, The composition aeooMmg. to daim 15 wherein mid 
composition comprises at least 10 inmimiogerrfc peptides. 

1 8 , The compositio2i according to claim 17 wherein said 
coiiapo&itjm comprises at least 2S imxxm^o^mo peptides > 

19. The composition according to claim 1 wlierem said 
composition ferte comprises a carrier. 

20. The composition ^cording to ekixn I wtem said 
composition further comprises an sdjavawt 

2 L A exposition campnsmg;. at least one peptide from Table 6 or 
Table 7 and a earner. 

22. The exposition according to claim 21 wherein said 
composition further comprises m adjuvant 

23. ^ composition accaming to claim I wherein second 
components are selected so as to be- represesitativs of higher order structural 
motifs pre^nt.iri a popuiadon, which motife mediate ¥3 . functions n^ the 
course . of en velope mediated BI¥ Interaction with host cells;; 

24. The. composition according to claim 23 wherein said 
composition oompdses about 25-30 immonogmic peptides the second 
component of which are selected so m to be xepreseiitative of Mecteci 
individuals within a subtle. 

25 . The composition accordin g to claim I wherein at least one of 
said Sot components .comprises the sequence ItQIINMWQVVQKAMm. 
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26. A mefeod of inducing &e production oimnuaBzmg mtxbo&es 
m & pgfeat compnsiijg admiBistepng to said patient an amount of the 
composition according to claim I sumclem to effect said production. 

27. A aueleie acid encoding a peptide In Table g or Table 7 . 



28, A fmmlMkm GGmpn&mg at least one nucleic acid, sequence 
encoding said composition of claim 1. 



29. A method of inducing Use production of m*fc*!*zmg antibodies 
a pmxmt comprising administering to said patient an amount of said 

ion. 



formulation according to claim 27 sufficiem to ete said prodocdc 
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